INTRODUCTION
Japan has abundant marine resources, and squid is one of the major sea foods consumed in Japan. The effects of squid on lipid metabolism are not well understood. A squid contains both a significant amount of cholesterol 1 and taurine, which reduces serum cholesterol 2 4 . The most common edible squid is the Japanese flying squid Todarodes pacificus . Generally, the internal organs of T. pacificus are removed and then the mantle and arm parts are made edible. Tanaka et al. reported that mice and rats fed a diet containing Japanese flying squid powder showed lower serum and liver lipids compared to animals fed a control diet 5, 6 .
The firefly squid Watasenia scintillans a small squid found only in the waters around Japan, exhibits bioluminescence. It is fished commercially with set nets in Toyama Bay and the central Japan Sea from March to June 7 . Unlike the Japanese flying squid, firefly squids are commonly used for food without removing the internal organs. No research has reported the effect of dietary firefly squid on lipid metabolism, to our knowledge. The aims of the present study were to investigate the effects of freeze-dried powder of whole firefly squid on serum and liver lipid levels in rats, and to evaluate the mechanism of these effects by a nutrigenomic analysis using a DNA microarray. We report here that we observed lower liver triacylglycerol content and glucose-6-phosphate dehydrogenase activity and mRNA in rats fed the firefly squid diet compared to those fed a control diet.
Abstract: Effects of dietary firefly squid on serum and liver lipid levels were investigated. Male Wistar rats were fed a diet containing 5% freeze-dried firefly squid or Japanese flying squid for 2 weeks. There was no significant difference in the liver triacylglycerol level between the control and Japanese flying squid groups, but the rats fed the firefly squid diet had a significantly lower liver triacylglycerol content than those fed the control diet. No significant difference was observed in serum triacylglycerol levels between the control and firefly squid groups. The rats fed the firefly squid had a significantly lower activity of liver glucose-6-phosphate dehydrogenase compared to the rats fed the control diet. There was no significant difference in liver fatty acid synthetase activity among the three groups. Hepatic gene expression and lipogenic enzyme activity were investigated; a DNA microarray showed that the significantly enriched gene ontology category of down-regulated genes in the firefly squid group was "lipid metabolic process". The firefly squid group had lower mRNA level of glucose-6-phosphate dehydrogenase compared to the controls. These results suggest that an intake of firefly squid decreases hepatic triacylglycerol in rats, and the reduction of mRNA level and enzyme activity of glucose-6-phosphate dehydrogenase might be related to the mechanisms.
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EXPERMENTAL

Materials
Fresh firefly squids were provided by Toyama Firefly Squid Association. Japanese flying squids were obtained from a fish market in Toyama, Japan. An edible part of each squid was minced and freeze-dried. Internal organs were removed only from the Japanese flying squid. The freezedried samples were powderized using a high-speed food mill. The nutrient composition and contents of cholesterol and taurine are shown in Table 1 . The fresh firefly squids and Japanese flying squids contained 81.6 and 76.7 water, respectively. Crude protein and fat content were measured by the methods of Kjeldahl 8 and Soxhlet 9 . The contents of cholesterol and n-3 fatty acids were measured by gas chromatography 10, 11 . The taurine content was measured by an automatic amino-acid analyzer JLC500, JEOL, Tokyo 12 .
Animals and diets
All animals were treated in accord with the guidelines for the care and use of laboratory animals Notice No. 71, Ministry of Education, Culture, Sports, Science and Technology in Japan . The experimental plan was approved by the Experimental Animal Care Committee of Kagawa University. Male Wistar rats Japan SLC, Hamamatsu, Japan were individually housed in stainless steel wire cages and allowed free access to sterilized water. The temperature of the animal room was set at 22 2 , with 55 10 humidity and illumination from 7:00 to 19:00. The animals were also allowed free access to a commercial stock diet before the experiment.
Four-week-old rats were randomized into three groups. Each group of rats n 7 was allowed free access to the experimental diet for 2 weeks. The compositions of the two experimental diets and the control diet are shown in Table  2 . At the end of the feeding period, the rats were killed by decapitation after 6 h of food deprivation. Blood was collected to obtain serum, which was stored at 80 until use. The liver was quickly removed, weighed and stored at 80 until analyses. The liver samples for the microarray analysis were stored in RNAlater Life Technologies, California, USA according to the manufacturer s instructions.
Lipid analysis
Serum total, LDL-and HDL-cholesterol and triacylglycerol levels were measured by enzymatic methods using the mM , glucose 6-phosohate 3.3 mM and 6-phosphogluconate dehydrogenase 0.5 unit/mL . Protein concentrations were determined with a kit BCA Protein Assay, Thermo Fisher Scientific, Yokohama, Japan .
DNA microarray analysis
Total RNA from liver was extracted using the RNeasy Mini kit Qiagen, Tokyo, Japan . The quality and quantity of total RNA were checked by the RNA LabChip, Agilent 2100 Bioanalyzer Agilent Technologies, California, USA and NanoDrop ND-1000 NanoDrop Technologies, Delaware, USA . The samples were pooled within each group before microarray hybridization. Cyanine-3-labeled cRNA was prepared using the One-Color Low RNA Input Liner Amplification kit Agilent Technologies , followed by RNAeasy column purification Qiagen . Dye incorporation and cRNA yield were checked with the NanoDrop ND-1000 spectrophotometer.
Labeled cRNA was hybridized to Agilent Whole Rat Genome Oligo Microarrays G4131F, Agilent Technologies in hybridization buffer Gene Expression Hybridization Kit, Agilent Technologies at 65 for 17 h. After hybridization, the microarrays were washed using Agilent Gene Expression Wash Buffers. Hybridized microarrays were scanned immediately after washing on an Agilent DNA Microarray Scanner G2565CA using one color scan setting for 4 44 k array slides. The scanned images were analyzed with Feature Extraction Software v 10.7.3.1 Agilent Technologies using default parameters to obtain background subtracted and spatially detrended processed signal intensities.
In the firefly squid group, the genes up-or down-regulated by at least twofold compared to the control group were defined as genes showing analytically significant changes in expression levels. To detect the enriched gene ontology GO categories in the firefly squid group of differentially expressed genes compared to the control group, we used GeneSpring GX software version 11, Agilent Technologies .
Real-time PCR analysis
Total RNA was extracted with a guanidium thiocynate water-saturated phenol extraction method using Isogen Nippon Gene, Tokyo, Japan . cDNAs for PCR were synthesized by the reverse transcription of total RNA with random hexamer primers and Super Script II reverse transcriptase Life Technologies Japan, Tokyo, Japan .
Rat glucose-6-phosphate dehydrogenase, squalene epoxidase, acetyl Co-A carboxylase, HMG-CoA reductase and β-actin genes were cloned into the TOPO vector Life Technologies Japan and used as a standard. After propagation and purification of the plasmid, the concentrations of glucose-6-phosphate dehydrogenase, squalene epoxidase, acetyl Co-A carboxylase, HMG-CoA reductase and β-actin genes copies were derived from A260 optical density measurement and the plasmid molecular weight. Tenfold serial dilutions 10 2 to 10 2 gene copies/μL of the linearized plasmid in water were prepared. Quantitative real-time PCR was performed using an ABI 7700 sequence detection system Life Technologies Japan . The reaction volume was 20 μL 0.5 μM primers dNTPs, Taq DNA polymerase and reaction buffer provided in the SYBR Premix Ex Taq II; TaKaRa Bio, Shiga, Japan . All real-time assays included 40 cycles of a 95 denaturation step for 5 sec followed by 34 sec annealing at 60 after initial incubation at 95 for 30 sec. The oligonucleotide primers used were as follows: for glucose-6-phosphate dehydrogenase sense 5 -GCGATGTGGCAGGTGACA-3 , antisense 5 -GGGCTGCACACGGATGAC-3 , squalene epoxidase sense 5 -GCAGGTCTGAAGTTCAAATTCCATA-3 , antisense 5 -TGCCATGGTGGAAAGCAA-3 , acetyl Co-A carboxylase sense 5 -AGAACTCCGTGCACTGCAAAC-3 , antisense 5 -CTTCCCGATGACATCAACGAT-3 , HMG-CoA reductase sense 5 -AAAGGTGCGAAGTTCCTTAGT-GAT-3 , antisense 5 -CCATGAGGGTTTCCAGTTTG-TAG-3 and β-actin sense 5 -TCTGTGTGGATTGGTG-GCTCTA-3 , antisense 5 -TCCTGCTTGCTGATCCACATC-3 .
Statistical analysis
The results of body weight, food intake, liver weight, serum lipids, liver lipids, enzyme activities and mRNA levels are expressed as means SD. The data except for the results of the real-time PCR analysis were evaluated by one-way ANOVA, and Fisher s PLSD test was used to determine specific mean differences. Pearson correlation analysis was used to evaluate relationship between activity of glucose-6-phosphate dehydrogenase and triacylglycerol level in rat liver. The significance of differences in mRNA levels was determined by unpaired t-test. P-values 0.05 were considered significant. All calculations were performed with a commercially available statistical package StatView J-5.0, SAS Institute, North Carolina, USA .
RESULTS
Body weight, food intake and liver weight
There were no significant differences in initial or final body weights among the control, firefly squid, and Japanese flying squid groups Table 3 . The food intakes were found to be similar among the three groups. No significant difference was observed in liver weight among the groups.
Liver and serum triacylglycerol
There was no significant difference in the liver triacylglycerol level between the control and Japanese flying squid groups Fig. 1A , but the rats fed the firefly squid diet had a significantly lower liver triacylglycerol content than those fed the control diet p 0.05 . No significant difference was observed in serum triacylglycerol levels between the control and firefly squid groups Fig. 1B . The serum triacylglycerol levels were lower in the rats fed the firefly squid diet than in those fed the Japanese flying squid diet.
Serum and liver cholesterol levels
The serum total cholesterol levels were significantly lower in the rats fed the firefly squid and Japanese flying squid diets than in those fed the control diet Table 4 . The serum HDL-cholesterol level was significantly higher in the control group than in the firefly and Japanese flying squid groups. There was no significant difference in serum LDLcholesterol levels among the three groups. No significant difference was observed in liver cholesterol content among the three groups.
Hepatic enzyme activities
There was no significant difference in liver fatty acid synthetase activity among the three groups Table 5 . However, the rats fed the firefly squid or Japanese flying squid diet had a significantly lower activity of liver glucose-6-phosphate dehydrogenase compared to the rats fed the control diet. The correlation of activity of glucose-6-phosphate dehydrogenase with triacylglycerol level in rat liver was shown in Fig. 2 . There was a significant correlation between the activity and triacylglycerol level p 0.01 .
Microarray analysis
We studied the effect of dietary firefly squid on hepatic gene expression using a DNA microarray with 41,090 DNA probes in rats. The expression of 23,986 and 23,277 genes was found in the control and firefly squid group, respectively Table 6 . The number of genes expressed only in the rats fed the control diet was 1,476 genes. The number of genes expressed only in the firefly squid group was 767 genes. Compared to the control group, the expression levels of 259 genes were increased by more than twofold in the firefly squid group, and the expression of 201 genes was decreased to less than one-half.
GO analysis
Using GeneSpring GX software, we classified the genes that were differentially expressed after rats ingestion of the firefly squid diet into functional categories according to GO terms. The significantly enriched categories of genes that were down-regulated by the ingestion of the firefly Table 3 Body weight, food intake and liver weight in rats fed the control, firefly squid or Japanese flying squid diet for two weeks. Values are means ± SD for 7 rats per group. Values for each group with different letters indicate significant differences between dietary groups (p < 0.05).
squid diet are summarized in Table 7 . The significantly enriched GO categories of down-regulated genes were lipid biosynthetic process, lipid metabolic process, and alcohol metabolic process. The individual gene names of the significantly enriched GO terms found in the 201 genes down-regulated by the firefly squid diet ingestion are shown in Table 8 . In the firefly squid group, the gene expression level of glucose-6-phosphate dehydrogenase was one-quarter of that of the control group.
Quantitative real-time PCR
The mRNA levels of glucose-6-phosphate dehydrogenase, squalene epoxidase and acetyl-CoA carboxylase in the firefly squid group were significantly lower than the corresponding levels in the control group Table 9 . The mRNA level of HMG-CoA reductase in the firefly squid group was slightly, but not significantly, lower than that in the control group.
DISCUSSION
The present study examined the influence of freezedried firefly squid powder on serum and liver lipid levels in rats, and the results showed that the firefly squid diet group had a 30 lower content of liver triacylglycerol compared to the control diet group. The mean level of serum triacylglycerol in the firefly squid group was slightly lower, but not significantly, than that of the control group. This result suggests that dietary firefly squid decreased the liver triacylglycerol level in rats. Tanaka et al. 6 investigated Table 5 Liver fatty acid synthetase and glucose-6-phosphate dehydrogenase activities in rats fed the control, firefly squid or Japanese flying squid diet for two weeks. the effect of freeze-dried Japanese flying squid on lipid metabolism. Rats were fed a diet containing 21.2 of defatted squid powder as a protein source for 2 weeks, and the hepatic triacylglycerol content was lower in the squid group than the control group. In our study, the hepatic triacylglycerol content was lower in rats fed a diet containing only 5 of the firefly squid powder compared to the rats fed the control diet. The hepatic triacylglycerol content was lower, but not significantly, in the Japanese flying squid group than the control group. It is possible that the hypolipidemic effect of the firefly squid powder might be stronger than that of the Japanese flying squid. In this experiment, effects of the freeze-dried powder of firefly squid on serum and liver lipid levels were studied using normal young rats. Much more study using obese rat and fatty liver model rat is necessary to evaluate the preventive and protective effects of firefly squid against fatty liver.
We also observed that the activity of glucose-6-phosphate dehydrogenase in the firefly squid group was less than one-half that of the control group, but there was no significant difference in liver fatty acid synthetase activity among the three groups. Tanaka et al. 6 observed lower activity of not only hepatic glucose-6-phosphate dehydrogenase but also fatty acid synthetase in rats fed Japanese flying squid. These results suggest that the mechanisms of the hypolipidemic effects of firefly squid and Japanese flying squid may differ. In order to clarify the mechanism s at the genetic level, we investigated the global gene expression pattern in the rat livers by DNA microarray. The results of our GO analysis indicated that the gene expressions concerning the lipid metabolic process were suppressed by the ingestion of firefly squid powder. The mRNA level of glucose-6-phosphate dehydrogenase in the firefly squid group was significantly lower than that of the control group. Significant correlation was observed between the activity of glucose-6-phosphate dehydrogenase and triacylglycerol level in rat liver. Glucose-6-phosphate dehydrogenase is the key regulatory enzyme of the pentose phosphate pathway, and its Table 6 Numbers of genes whose expression were up-or downregulated by at least twofold in the liver of rats fed the firefly squid diet compared to the control diet.
Control Firefly squid
Total expressed gene 23986 23277
Expressed gene in only control group 1476
Expressed gene in only firefly squid group 767
Up-regulated gene 259
Down-regulated gene 201
Liver samples from seven rats of each group were pooled, and the gene expressions in the control and firefly squid groups were analyzed using a DNA microarray with 41090 DNA probes.
important function is the production of NADPH for the synthesis of fatty acids 18 . The present results suggest that the intake of the firefly squid powder may decrease the activity of glucose-6-phosphate dehydrogenase, by the decline of the mRNA level, resulting in the reduction of liver triacylglycerol synthesis. The lipid content of firefly squid powder used for this study was different from that of the Japanese flying squid powder. Because firefly squids are generally used for food without removing the internal organs, we freeze-dried the firefly squids including their internal organs in this study. In contrast, the Japanese flying squids were freeze-dried after the internal organs were removed. The difference in lipid content is caused by the lipid included in the internal organs. The internal organs were removed from the Japanese flying squid, thus effects of Japanese flying squid including internal organs on liver lipid levels were unknown at this time. Freeze-dried powder of Japanese flying squid including internal organs might have a hypolipidemic effect in rat liver. Further study is necessary to clarify this question.
The squid powders have a specific smell, but no significant difference was observed in food intake among the three groups. The rats fed the firefly squid diet had a significantly lower liver triacylglycerol content than those fed the control diet, but the firefly squid powder did not affect the liver weights. There was no significant difference in abdominal adipose tissue weight among the groups data not Values are means SD for 7 rats. Significantly different from the control group, *p < 0.05, **p < 0.01. shown .
The mRNA level of squalene epoxidase, a key enzyme of cholesterol synthesis 19 , was lower in the firefly squid group than the control group, but there was no significant difference in cholesterol contents in the liver between the firefly squid and control groups. The results regarding the mRNA level contradict those of the hepatic cholesterol content. The reason for this is not clear. In the firefly squid diet, 38 mg/100 g of cholesterol derived from firefly squid powder was included. This cholesterol in the firefly squid powder might be one of the reasons. In this experiment, the squid powders were replaced with sucrose. Decrease of sucrose intake has possible to suppress lipogenic gene expression and lipid content in liver through the diminished insulin secretion. There were no significant differences in the serum glucose and insulin levels between the control and firefly squid groups data not shown .
The elucidation of the component or components that reduce liver triacylglycerol remains for future studies.
Tanaka et al. 6 demonstrated that a hypolipidemic component exists in defatted Japanese flying squid. They speculated that the protein which is a main component of the squid powder has hypolipidemic effects. It is not possible to identify the hypolipidemic component of firefly squid based on only the findings obtained in the present study. Because the liver lipid level decreased with only a 5 addition of the firefly squid powder, not only protein but also an additional component other than the protein may be involved. As an example, the different components included in the internal organs of the firefly squid may influence the liver lipid. It is well known that n-3 fatty acid reduces serum triacylglycerol and cholesterol 20 . The firefly squid diet contained only 0.16 of n-3 fatty acids. It is not yet known how much this fatty acid contributed to the reduction of the liver lipid in the rats fed the firefly squid diet. Further studies are required to clarify the main hypolipidemic components of the firefly squid.
CONCLUSION
The results of this study suggest that an intake of firefly squid decreases hepatic triacylglycerol in rats, and that a reduction of the mRNA level and the enzyme activity of glucose-6-phosphate dehydrogenase might be related to the mechanisms of the hypolipidemic effect.
